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TREATMENT PLANNING, SIMULATION, AND VERIFICATION SYSTEM 

TECHNICAL FIELD 

[0001] Embodiments of the invention relate to the field of oncology systems and, more 
specifically, to a radiotherapy treatment simulation, planning, and verification system. 
BACKGROUND 

[0002] An objective of radiation therapy is to maximize the amount of radiation to a target 
volume (e.g., a cancerous tumor) and minimize the amount of radiation to healthy tissues and 
critical structures. Verification of the location of the target volume prior to the administration of 
a dose of therapeutic radiation is key to the objective. Another objective is to minimize the 
amount of time to set up and administer the therapeutic radiation treatment. Typically, many 
clinics have to use linear accelerators for a considerable (e.g., 30-40 minutes) amount of time to 
start new patients with setup and treatment plan verification. Unfortunately, since care providers 
treat multiple patients and each patient is treated over 30 to 40 fractionated sessions, the time 
allowed for each session is relatively short, e.g. 10 to 15 minutes, so the process must be fast as 
well as accurate. 

[0003] Radiotherapy simulator machines have traditionally been used to perform the pre- 
treatment analysis of the target volume before a radiotherapy treatment machine applies the 
therapeutic radiation. These radiotherapy simulators are a costly investment. 
[0004] For example, among other components, a traditional radiotherapy simulator machine 
may use a bulky image intensifier tube detector and/or require time-consuming film processing 
to capture images of the target volume. Film processing includes questionable environmental, 
health, and safety issues. Furthermore, these image intensifier tube detectors have the 
disadvantage of being very large relative to their imaging area. They also have image spatial 
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distortions from their spherical-shaped input surface and the orientation of the intensifier tube 
with the Earth's magnetic field'. 

[0005] One example of a simulator machine of the prior art is the Ximatron Simulator by 
Varian Medial Systems of Palo Alto, California. The Ximatron is limited by requiring treatment 
plans to be imported from another device (e.g., a CT scanner) for verification (e.g., verification 
of dose plans for irregular fields). Furthermore, if the treatment plan requires any adjustments 
based on the verification, the treatment plan must first be updated on the other device, and then 
the updated treatment plan must be imported back into the Ximatron for another verification. 
This prior art process would repeat if the verification requires further corrections. Therefore, this 
prior art process is very time-consuming and costly. 

[0006] Another prior art device is the Helax simulator made by MDS Nordion. The Helax 
device provides for field shapes to be projected onto the skin of a patient for marking by means 
of a liquid-crystal display ("LCD") projection panel. The LCD panel is a separate component 
from the simulator and thus the LCD display must be fitted onto the outside of the head of the 
simulator. One problem with this arrangement is that the projected image is difficult to see. 
Furthermore, the LCD projection of the Helax simulator only projects one image onto a patient at 
a time. 
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SUMMARY OF AN EMBODIMENT THE INVENTION 

[0007] A treatment planning, simulation, and verification system is described. According to 
one embodiment of the invention, a treatment plan and a fluoroscopy data image of a treatment 
volume are received, and the treatment plan is automatically adjusted based on the movement of 
the fluoroscopy data image. 

[0008] According to one embodiment of the invention, a system includes a treatment 
planning component to generate a treatment plan and a simulation component to simulate the 
execution of the treatment plan. 

[0009] According to one embodiment of the invention, a gantry includes a collimator and an 
LCD assembly integrated with the collimator to project one or more digital outlines onto a 
patient. 

[0010] According to one embodiment of the invention, a digital fluoroscopic image of a 
target volume is provided. A catheter is placed near the target volume based on the fluoroscopic 
digital image and a radioactive isotope is placed within the catheter based on the digital 
fluoroscopic image. 

[0011] According to one embodiment of the invention, a digital fluoroscopic image of a 
target volume is provided and a seed is placed near the target volume based on the fluoroscopic 
digital image. 

[0012] According to one embodiment of the invention, a digital image of a patient is 
displayed based on a treatment plan, the digital image is corrected, and one or more components 
of a radiotherapy simulator system are automatically adjusted based on the corrected digital 
image. 
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[0013] It should be appreciated that the present invention may be implemented in numerous 
ways, including as a method, ah apparatus, a system, or a machine-readable medium. Several 
inventive embodiments of the present invention are described below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention may best be understood by referring to the following description and 
accompanying drawings that are used to illustrate embodiments of the invention. In the 
drawings: 

[0015] Figure 1 A is a side view of one embodiment of a simulation treatment system; 
[0016] Figure IB illustrates one embodiment of an LCD assembly; 
[0017] Figure 2 illustrates one embodiment of a process to perform verification of a 
treatment position of a patient; 

[0018] Figure 3 illustrates one embodiment of a process to position a patient for 
radiotherapy; 

[0019] Figure 4 illustrates one embodiment of a process to correct lag in a flat panel imager 
during fluoroscopic imaging on the simulator device; and 

[0020] Figure 5 illustrates one embodiment of a process to perform an image-guided 
brachytherapy treatment on the simulator device. 
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DETAILED DESCRIPTION 

[0021] In the following description, for purposes of explanation, numerous specific details 
are set forth. It will be evident, however, to one skilled in the art that embodiments of the 
invention may be practiced without these specific details. In some instances, well-known 
structures, techniques and devices are not shown in detail in order to avoid obscuring the 
understanding of this description. These embodiments are described in sufficient detail to enable 
those skilled in the art to practice the invention, and it is to be understood that other 
embodiments may be utilized and that logical, mechanical, electrical and other changes may be 
made without departing from the scope of the present invention. 

[0022] While the invention is described in conjunction with several embodiments, it should 
be understood that the invention is not limited to any one embodiment. On the contrary, the 
scope of the invention is limited only by the appended claims and the invention encompasses 
numerous alternatives, modifications, and equivalents. For the purpose of example, numerous 
specific details are set forth in the following description in order to provide a thorough 
understanding of the present invention. The present invention may be practiced according to the 
claims without some or all of these specific details. For the purpose of clarity, technical material 
that is known in the technical fields related to the invention has not been described in detail in 
order not to unnecessarily obscure the present invention. 

[0023] A treatment planning, simulation, and verification system is described. Treatment 
simulation and verification are important steps in radiotherapy, particularly with the popularity 
of intensity modulated radiation therapy ("MRT"). Clinicians begin the treatment process by 
acquiring detailed images of a patient's tumor and surrounding anatomy. These images are used 
within sophisticated treatment planning software to generate treatment plans that specify how a 
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linear accelerator will deliver the prescribed radiation dose to tumors while minimizing the dose 
to surrounding healthy tissues during treatment. Since radiotherapy requires great precision, 
simulation, and verification processes are used to ensure that treatment plans will achieve the 
intended results. According to one embodiment of the invention, a treatment planning, 
simulation, and verification system provides for the integration of diagnostic and imported 
digitally reconstructed radiograph ("DRR") images from a computed tomography ("CT") 
scanner, which may be added to a patient's record immediately after capture. In this way, the 
treatment planning, simulation, and verification components of the system enable clinicians to 
fine-tune or update treatment plans by analyzing high-quality anatomical images of patients in 
their treatment positions. These images are used for comparisons with treatment plan reference 
images so that care providers may analyze and make necessary adjustments and corrections to 
the treatment plan immediately. This verification of the planned treatment can be carried out in a 
minimum amount of time because of the interactive nature of the integrated design with the 
computer planning software. The plans, after completion, can be immediately viewed in the 
system and the patient is set up automatically to these positions so that the target position and 
movement can be checked and monitored. Any changes needed may immediately be made and 
then the dose recalculated by the planning software. In an embodiment of the invention both the 
simulator control software and the planning software reside on the same system. Thus, allowing 
a physician to do image-guided radiotherapy using on-line verification of the patient's treatment 
position, as will be described. 

[0024] In addition to verifying a treatment plan and minimizing the amount of time a patient 
spends in a treatment room during administration of the therapeutic radiation, the following will 
describe a manner in which the simulation need not include costly mechanical components 
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included with traditional simulators, such as bulky image intensifiers and multileaf collimators 
("MLC"). 

[0025] Figure 1A is a side view of one embodiment of a simulation treatment system 100. 
As will be described, the simulation treatment system 100 includes hardware and software 
components to provide treatment planning, simulation, and verification. The simulation 
treatment system 100 includes a simulation machine 200, a treatment couch 218, a command 
processor module 225, a computer workstation 220 and a communications network 240. The 
simulation treatment machine 200 includes a rotatable gantry 202 pivotally attached to a drive 
stand 203. A gantry head 204 and a flat panel imager 206 oppose each other and are 
mechanically coupled to the rotatable gantry 202. In one embodiment, the gantry head 204 
includes a collimator having an LCD assembly (not shown) and a radiation source (not shown). 
[0026] Figure IB illustrates one embodiment of the LCD assembly 208. The LCD assembly 
208 includes an LCD 250, a reflective polariser 255, collimating lens 260, a heat shield 265, a 
lamp 270, a beam splitter prism 275, and a projection lens 280. In one embodiment, a light 285 
from the lamp 270 projects through the heat shield 265, collimating lens 260, and reflective 
polariser 255 and reflects off the beam splitter prism 275 onto the LCD 250. The LCD 250 uses 
the light 285 to reflect a digital image (e.g., leaf position, a target volume, etc.) onto a patient. 
Since the LCD 208 assembly is integrated with the collimator, the LCD assembly 208 does not 
move and is more accurate. Therefore, it should be appreciated that unlike the current Helax 
system, the LCD 250 is not put onto the outside of the collimator every time it is needed for use. 
Rather, the LCD 250 is integrated into the collimator. This inherently helps to maintain the 
accuracy of the simulator treatment system 100. Furthermore, having the LCD 250 closer to the 
light 285 allows for a clearer image onto the patient. 
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[0027] Referring back to Figure 1 A, in one embodiment the flat-panel imager 206 may be an 
amorphous-silicon flat panel image detector that produces and displays high-resolution, 
distortion-free radiographic and fluoroscopic digital images on the computer workstation 220 via 
the communications network 240. The flat-panel imager 206 may include lag correction 
software to prevent distortion and ensure high resolution of the generated images, as will be 
described. 

[0028] It should be appreciated that using the flat-panel imager 206 speeds the simulation 
and verification process by eliminating the need for time-consuming film processing and by 
providing increased flexibility in positioning patients as compared with traditionally used, bulky 
image intensifier tubes. Furthermore, the slimness of the flat-panel imager 206 greatly reduces 
the size of the detection system, as compared to an image intensifier enabling more treatment 
positions and allowing greater access to the patient for checking the setup. The flat-panel imager 
206 is also fully retractable to increase the possible movement of an operator about the patient. 
[0029] In one embodiment, the flat panel imager 206 is a real-time digital x-ray imager 
incorporating a large-area amorphous silicon sensor array with a high-sensitivity cesium iodide 
("Csl") scintillator. The flat panel imager includes a receptor module that incorporates the 
amorphous silicon sensor array, which accepts incoming X-ray photons and converts them to a 
digital video signal. The receptor module may also include a power supply module (e.g., 24 
VDC power), interconnecting cables (e.g., fiber optic control and data cables), and drive and 
readout circuits followed by digital data conversion and transmission capabilities well known to 
those of ordinary skill in the art. 

[0030] It should be appreciated that the flat panel imager may be a two-dimensional, large 
flat panel imager that can operate, for example, at 15 to 30 frames per second ("fps") over a wide 
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range of doses. In this way, fluoroscopic and digital radiographic imaging can all be achieved 
with the same flat panel system. By way of example, U.S. Patent 5,970,1 15 entitled "Multiple 
Mode Digital X-Ray Imaging System," filed on November 25, 1997, discloses a flat panel 
system that is hereby incorporated by reference in its entirety. 

[0031] In one embodiment, the command processor module 225 manages the receptor 
module, processes the digital video signal, and provides interfaces to other components of the 
simulation treatment system 100. The command processor module 225 may include a 
microcontroller-based, single board computer running a real-time operating system with 
acquisition, control, and interface software. Also, included in the command processor module 
225 may be a high-speed digital video interface card, a dedicated image processor card to 
perform real-time image corrections, a system interface card, and a parallel output to transmit 
image data to an external image processor and display. Scan-converted digital and analog video 
may also be provided. 

[0032] The computer workstation 220 includes a computer 223, a display monitor 222, a 
keyboard 225, and a mouse 226. The computer 223 includes treatment planning, simulation, and 
verification software, as will be described. The display monitor 222 has the ability to display 
two-dimensional, three-dimensional, and four-dimensional information and images. 
[0033] The treatment couch 218 is positioned adjacent to the gantry 202 to place the patient 
and the target volume within the range of operation for the gantry head 204 and the imager 206. 
The couch 218 may be connected to the rotatable gantry 202 via the communications network 
240 and is capable of translating in multiple planes plus angulation for positioning and re- 
positioning the patient 205 and, therefore, the target volume. 
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[0034] The gantry 202 can rotate 214 about an isocenterline 215 to place the gantry head 204 
and imager 206 at any position 360 degrees around the target volume, for example, to generate 
image data. In one embodiment, the isocenterline 215 is lower in height for ease of use (e.g., to 
allow easier access to the couch for the elderly and small persons). Also, increased isocentric 
accuracy needed for MRT target definition is available because the radiation source is fixed into 
position. 

[0035] Figure 2 illustrates one embodiment of a process (300) to perform verification of a 
treatment position of a patient. At step 310, a patient is placed on the treatment couch 218 and 
the couch 218 is positioned relative to the simulation device 200. At step 320, the gantry 202 
can be positioned around the patient 205 while the radiation from the radiation source impinges 
the flat-panel imager 206. For example, the radiation source may be a high-resolution x-ray tube 
(e.g., a kilovoltage radiation source generally in the 50 to 150 kilovolt ("kV") energy range and, 
for example, at 125 kilo volts peak ("kVp"))- The gantry 202 rotates and collects simulator 
image data and stores the data in the computer workstation 220. For example, the system 100 
may produce fluoroscopic digital image(s) of the movement of the patient's internal anatomy. 
[0036] The captured simulator image projection data may be delivered and stored to a 
computer 223. As shown in Figure 1, the computer 223 connects to the simulator device 200 and 
the command processor 225 via communications network 240. The computer workstation 220 
may control the synchronized movement of the simulator device 200, including the rotatable 
gantry 202, a radiation source, LCD assembly 208, flat panel imager 206 and the treatment couch 
218. For example, an oncologist may use the workstation 220 to display image projection data 
on a display monitor 222, control the intensity of the radiation source, and control the gantry 
angle. 
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[0037] At step 330, the simulator digital image(s) of the target volume are displayed on the 
computer workstation 220. A treatment plan may be generated from the simulator device 200 or, 
for example, imported from a CT scanner that generated the DRR image of the target volume. 
At step 340, a DRR image and plan of the target volume is overlaid on the simulator digital 
image on the computer workstation display monitor 222. 

[0038] At step 350, planned treatment fields are automatically displayed on the computer 
workstation display monitor 222. At step 355, a care provider may compare the previously 
planned positions with the overlaid images to determine any necessary corrections, such as by 
providing inputs associated with the overlaid images. For example, the care provider may check 
that the radiation fields are correct and that the set-up required can actually be mechanically 
achieved. Contouring may also be accomplished is necessary. 

[0039] The largest field sizes may be viewed by digitally combining images. These 
combined images allow the care provider to view larger anatomical areas and facilitate the 
filmless radiotherapy department. 

[0040] At step 360, components of the system 100 are automatically adjusted based on 
adjustments to the treatment plan positions on the workstation 220. All types of fields, including 
static and MLC fields, can be adjusted using image-controlled simulation. For example, the care 
provider may adjust the field position, field size and machine parameters directly by modifying 
the image at the workstation 220 by, for example, modifying (e.g., drag and drop) field wires, 
collimator rotation, and couch position on the specific image. In this way, the simulation 
machine 200 and/or the treatment couch 218 moves immediately to the new positions per the re- 
imaging. Furthermore, the treatment couch 218 may also be automatically adjusted for accurate 
patient positioning and immobilization. 
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[0041] At step 365, respiratory gating software, known in the art, on the computer 
workstation 220 (or on a separate system, not shown) collects respiration motion data, such as 
the patient's external breathing pattern and range of motion. A care provider may use the 
respiration motion data to compare and analyze how target volumes are displayed in the live, 
digital fluoro image, move as a patient breathes, and then adjust treatments to account for the 
motion. In this way, a care provider may modify plans by repositioning patients, changing 
treatment margins around the target volume, or planning the use of respiratory gating to 
administer radiation only during specified parts of the breathing cycle. 
[0042] At step 370, any corrections to the treatment plan are automatically saved for plan 
recalculation and use by the therapeutic treatment machine. 

[0043] It should be appreciated that in an alternative embodiment, the simulation machine 
200 may generate a cone-beam CT scan of the target volume. This cone-beam CT scan may be 
used in place of or in addition to the previously disclosed importing. The computer workstation 
220 may create a treatment plan based on the identified images, to be implemented by a 
therapeutic treatment device. 

[0044] Persistent and accurate positioning of a patient during therapeutic radiation treatment 
is desirable to prevent damaging healthy tissue. Figure 3 illustrates one embodiment of a process 
to position a patient for radiotherapy. At step 410, a digital image of a patient including a target 
volume is displayed on the computer workstation 220. At step 420, an outline of the treatment 
area is traced (e.g., contouring) on the digital image (e.g., two-dimensional image) of the patient 
on the display monitor 222. At step 430, the traced image of the outline is superimposed or 
projected onto the patient. For example, this allows for the viewing and verification of MLC leaf 
positions or other shielding devices defined in the treatment plan. 
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[0045] In one embodiment, the LCD assembly 208 may project a visual light beam of the 
outlines onto the patient, including MLC fields, collimator wires, a blade, cross-bar, etc., and 
tumor outlines all at once. It should be appreciated that, by using visual light from the LCD 
assembly 208 to project the digital images onto the skin of the patient, the simulator machine 200 
is allowed to function without a costly mechanical MLC assembly including accessory mounts. 
It will be appreciated that the term "outlines" is used herein for convenience because the images 
projected typically are outlines of various structures or shapes. Nevertheless, outlines as used 
and claimed herein shall be understood as broadly encompassing any type of image. 
[0046] In one embodiment, the LCD assembly 208 may also project different gray scales to 
show the different dose levels (e.g., a high dose, a low dose) to be administered during the 
treatment. 

[0047] In one embodiment, the quartz halogen light assembly may project visual light on the 
actual mechanical wires and blades, or digital images of the MLC wires and blades. The visual 
light may be used to project mechanical shadows onto a mirror and then onto the patient's skin. 
[0048] At step 440, the outline is temporarily marked on the patient. For example, ink may 
be used to trace temporary tattoo reference marks of the outline images onto the patient. 
[0049] At step 445, the patient is transferred to a therapeutic treatment device. 
[0050] At step 450, during therapeutic treatment, the reference marks on the patient are 
aligned with field lights on the therapeutic treatment device to properly position the patient. In 
this way, time is saved in verifying the treatment position of the patient. 
[0051] Figure 4 illustrates one embodiment of correcting lag in a flat panel imager during 
fluoroscopic imaging on the simulator device. At step 510, the gantry is rotated to a field setup 
position about the patient while capturing fluoroscopic images of a target volume. At step 520, 
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the lag of a flat panel image is automatically corrected while performing the fluoroscopic 
images. That is, a correction will be made for any leakage (or lag) of a current generated when 
the radiation impinges on the imager during fluoroscopic imaging (e.g., 15 to 30 frames per 
second). By way of example, U.S. provisional patent application serial no. 60/419,132 entitled 
"Method and Apparatus for Non-Linear Background and Lag Correction of Large Area, Flat 
Panel Image Sensors," filed on October 16 2002, discloses an exemplary lag correction method, 
hereby incorporated by reference in its entirety. 

[0052] Figure 5 illustrates one embodiment of performing an image-guided brachytherapy 
treatment on the simulation treatment system 100. At step 610, the simulation treatment system 
100 receives digital images of a treatment plan showing the position of a target volume. At step 
620, the simulation treatment system 100 generates digital fluoroscopic image(s) of a target 
volume. At step 630, a care provider ensures the placement of a catheter or seed for 
brachytherapy based on the images. In one embodiment, a catheter is placed near the target 
volume based on the images and a radioactive isotope is placed into the catheter to deliver 
treatment to the target volume. In another embodiment, one or more seeds are placed near the 
target volume based on the images. In this way, fluoroscopic images are used for visualizing and 
verifying anatomy during the placement of catheters and seeds, without having to move the 
patient. 

[0053] It should be appreciated that the system 100 may perform both brachytherapy 
planning and imaging. The treatment planning software is integrated into the system 100, 
allowing easy visualization of the planned placement of the radioactive treatment sources. By 
being able to display live, undistorted fluoroscopy images, the system 100 makes it much easier 
for the physician to place the catheters and seeds accurately according to the treatment plan. 
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Variations in placement can be immediately seen and the necessary corrections made to the 
treatment plan. 

[0054] In one embodiment, the computer workstation 220 may also control the generator 
located in a simulator control cabinet located in the drive stand 203. For example, from the 
workstation 220, a care provider may manually or automatically choose the specific generator 
settings needed. It should be appreciated that control of the generator is integrated into the 
workstation 220, controlling the generator settings rather than a separate device, as is typically 
performed. 

[0055] The system 100 may also include a collision avoidance system that automatically 
moves the flat-panel imager 206 away from a potential collision and returns it to the original 
position once the situation has passed. Thus, protecting patients, operators, and the machine. In 
one embodiment, the care provider may enter the height and weight of the patient, and then the 
system will calculate a typical patient size (e.g., head, neck, etc.) to enable closer positioning of 
the gantry head 204 and imager 206. In an alternative embodiment, the CT image data is used to 
automatically calculate patient size to enable closer positioning of the imager 206. In yet another 
alternative embodiment, the dimensions of the treatment machine that will be used to perform 
the treatment is used to calculate collision avoidance and setup to enable closer positioning of the 
imager 206, Each embodiment may include hardware and software with both detection and 
avoidance features, and takes into account accessory mounts and electron applicators. 
[0056] It should be appreciated that, due to the small size of the imager, the gantry head no 
longer needs to be capable of moving and can be fixed in a set position in a preferred 
embodiment. In previous designs, because the imager was a large image intensifier, the gantry 
head had to be capable of moving to simulate the distance to the patient that could be achieved 
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on the treatment machine. The thinness of the new imager means that these restrictions in 
treatment setup no longer exist. In embodiments employing a fixed radiation source, the 
isocenter is more accurately located than in systems with a moveable gantry head. 
[0057] For example, the fixed gantry head may place the isocenter at, e.g., 100 cm to 
simulate isocenter distances typical of linear accelerator systems. In order to simulate treatment 
on therapy systems with a different isocenter distance, such as cobalt machines with an e.g. 80 
cm isocenter distance, in a preferred embodiment the software automatically moves the treatment 
couch 218 20 cm (in the case of an 80 cm isocenter) closer to the gantry head and, as the gantry 
head is rotated around the patient, the treatment couch 218 is continuously and automatically 
repositioned to maintain this treatment distance. 

[0058] It should be appreciated that more or fewer processes may be incorporated into the 
methods illustrated in Figures 2, 3, 4, and 5 without departing from the scope of the invention, 
and that no particular order is implied by the arrangement of blocks shown and described herein. 
It further will be appreciated that the method described in conjunction with Figures 2, 3, 4, and 5 
may be embodied in machine-executable instructions (e.g. software). The instructions can be 
used to cause a general-purpose or special-purpose processor that is programmed with the 
instructions to perform the operations described. Alternatively, the operations might be 
performed by specific hardware components that contain hardwired logic for performing the 
operations, or by any combination of programmed computer components and custom hardware 
components. The methods may be provided as a computer program product that may include a 
machine-readable medium having stored thereon instructions that may be used to program a 
computer (or other electronic devices) to perform the methods. For the purposes of this 
specification, the term "machine-readable medium" shall be taken to include any medium that is 
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capable of storing or encoding a sequence of instructions for execution by the machine and that 
causes the machine to perform any one of the methodologies of the present invention. The term 
"machine-readable medium" shall accordingly be taken to include, but not be limited to, solid- 
state memories, optical and magnetic disks, and carrier wave signals. Furthermore, it is common 
in the art to speak of software, in one form or another (e.g., program, procedure, process, 
application, module, logic, etc.), as taking an action or causing a result. Such expressions are 
merely a shorthand way of saying that execution of the software by a computer causes the 
processor of the computer to perform an action or produce a result. 

[0059] Thus, a treatment planning, simulation, and verification system has been described. 
In this way, the simulator machine frees the therapeutic treatment machine to be used exclusively 
for treatment delivery. It should be appreciated that the simulation system need not include 
costly components such as an image intensifier tube and a multileaf collimator. The use of a 
backlit, high-resolution LCD to project multiple digital outlines simultaneously onto the patient 
provides for a less costly simulator device and a more efficient manner to trace reference marks 
for the proper positioning and alignment of the patient during treatment. 
[0060] Furthermore, the cost for film processing and related environmental, health, and 
safety issues are also overcome. Other issues, such as logistical costs of storing and finding 
specific patient films when necessary, are also avoided. With a filmless system, these costs are 
removed and the process of finding patient images throughout a radiotherapy department is made 
much more efficient. This leads to better access to patient information and, therefore, to better 
data to support decisions made regarding patient care. 

[0061] Additional three-dimensional information may be obtained if the system 100 is placed 
in the proximity of a CT scanner device. In this way, the patient may be situated on the couch 
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218 during the CT scan, then, upon completion of the CT scan, the couch 218 may be moved 
from the CT scanner device to the simulator device without moving the patient from the couch 
218. In this way, CT imaging and verification imaging is performed in one room, thereby saving 
time transferring the patient. The couch 218 may rotate at its base to move the patient between 
devices. Using the same patient positioning system for planning, simulation, and treatment may 
obtain more accurate setups and significantly reduce setup times and chances of error in 
treatment. It should also be understood that multiple images from multiple sources might be 
compared and/or overlaid on the system 100 to perform the method described herein. 
[0062] Furthermore, in a preferred embodiment, the rotatable gantry 202 is a cast gantry. 
That is, the rotatable gantry substantially comprises a single cast frame. For example, the 
rotatable gantry 202 may be an aluminum cast gantry. A cast gantry provides increased 
structural integrity than would otherwise be available from a non-cast gantry. 
[0063] While the invention has been described in terms of several embodiments, those 
skilled in the art will recognize that the invention is not limited to the embodiments described. 
The method and apparatus of the invention can be practiced with modification and alteration 
within the scope of the appended claims. The description is thus to be regarded as illustrative 
instead of limiting on the invention. 
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